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Abstract 

We study open descendants of four dimensional x Zm orbifolds of the non- 
super symmetric type OB string theory. An exhaustive analysis shows, that using the 
crosscap constraint the only model for which one can project out the tachyon is the Z2 x Z2 
orbifold. For this case we explicitly construct the open string amplitudes. The gauge group 
corresponding to the various inequivalent Klein bottle projections turns out to be either 
symplectic or unitary. 
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1. Introduction 

It is well known, that besides the five supersymmetric string theories in ten dimen- 
sions there are also non-supersymmetric theories of which the type OB theory has 
recently attracted much attention. In the AdS/CFT correspondence it has been consid- 
ered as a gravitational background in order to study the dynamics of non-supersymmetric 
gauge theories in four dimensions 0. On the other hand, it was argued that type OB 
theory corresponds to a certain supersymmetry breaking orbifold of M-theory and 
further duality conjectures in lower dimensions for non-supersymmetric theories have been 
discussed in 0. 

Type OB theory can be obtained either by changing the GSO-projection or by modding 
out type IIB theory by (—1)'^^, where Fs is the total space-time fermion number. Its ten 
dimensional field content consists in a tachyon, a graviton, a dilaton and an antisymmetric 
tensor from the NS-NS sector as well as two scalars, two antisymmetric tensors and a four 
form from the R-R sector. Since the fields in the R-R sector are doubled compared to type 
IIB theory one expects to have twice the number of D-branes in type OB theory. 

Although the tachyon renders this theory unstable, it has been shown in 0, that 
using the crosscap constraint |Q] non-tachyonic open descendants of type OB theory can 
be constructed along the lines of P,|7| JT0|] . The resulting ten dimensional theory contains 
a graviton, a dilaton, a scalar, an antisymmetric tensor and a self-dual four form in the 
unoriented closed string sector and a gauge vector in the adjoint of U(32) together with 



Majorana-Weyl fermions in the 496 ©496 representation in the open string sector. Recently 
this construction has been generalized to lower dimensional supersymmetry preserving Zn 
orientifolds in IT5,|T2[ and in H for a 'non-supersymmetric' Z2 orbifold. It turns out that 



the only orientifolds, for which one can remove the tachyon is the Z2 in d = 6 and the 
Z^ m. d = 4. Typically, in non-tachyonic type OB descendants one has to relax the dilaton 



tadpole, which can be cured by the Fischler-Susskind mechanism [p!3|. 

In this letter we study open descendants of four dimensional Z^ x Zm orbifolds of 
type OB theory.S An extensive analysis reveals that only for N = M = 2 the tachyon 
can be projected out, thereby stabilizing the theory. Therefore we focus on the explicit 
construction of open descendants for the Z2 x Z2 orbifold. The structure of open string 
amplitudes are similar to those of type IIB theory |l^,|l6| , which contains 9 branes as well 
as three different sets of 5 branes with gauge group USp(16)®^. In Section 2 we discuss 



The construction of Zn x Zm orientifolds for type IIB theory has been done in [14|. 
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compactifications on four dimensional Z^r x Zm orbifolds. We explicitly construct the 
torus partition function for the x Z2 orbifold and derive the closed string spectrum. In 
Section 3 we study all possible inequivalent Klein bottle projections, one of which projects 
out the tachyon. We give the corresponding open string spectra for these cases. 



2. The parent type OB theory 

We consider 'supersymmetric' Zat x Zm orbifolds in = 4 of type OB theory. The 
construction of the corresponding partition functions reveals the fact, that generically the 
untwisted sector contains a tachyon, which is directly related to the one in ten dimensions. 
In addition, there also appear tachyons in the twisted sector except for the case N = M = 2. 
For the same reasons as explained in [|ll],|T^, tachyons in the twisted sector cannot be 
removed by any Klein bottle projection, since for a geometric orbifold action these states do 
not appear in the Klein bottle amplitude. Therefore, in the following we restrict ourselves 
to the only possible Z2 x Z2 orbifold, in which the crosscap constraint § projects out the 
tachyon. 

The orbifold generators act on the three internal tori x x as g = (1,-1,-1), 
h = (—1, —1, 1) and f = g ■ h = (—1, 1, —1)- The starting point of the construction is the 
type OB torus partition function compactified down to four dimensions: 

lOsP + lKl' + l^sl' + ICg''^ 



OB 



A1A2A3 



2.1 



where A^ with i = 1,2,3 denote the lattice sums of the internal tori. Decomposing the 
affine S0(8) characters Os, Vg, Sg, Cg into products of S0(2) characters O2, V2, 5*2, C2, 
the Z2 X Z2 orbifold partition function splits into four parts, which are associated to the 
four contributions in ( |2.1| ). Their structure is similar to the one of the supersymmetric 
case studied in 1151,1161. Thus we write 



r = Ta + Tb + Tc + Td 



(2.2) 



with 



Ta = ^jl^ool^AiAsAs + {\Aog\^ Ai + \Aoh\'^A3 + l^o/I^Aa 



+ 



+ 


\Ago 




\Aho 




Afo 


'A2\ 


+ 


\Agg 


% + 


\Ahh 




\Aff 


l'A2l 



elej 2 



\A 



gh\ 



+ \Agf\^ + \Aha\^ + \A 



hg\ 



n 

^ + \A 



fgl 



+ \A 



fh\ 



elel 2 



elelel 2 



where we introduced 16 expressions Aij with i,j = o,g, h, f: 

-4i/i = aio - Uig + tti/i - aif , Aij- = a^o - - ai/^ + 0;^/ , 

and CKij are combinations of products of SO (2) characters, which are x eigenstates 
with eigenvalue ±1. We define similar quantities Bij, Cij and Dij, depending on j3ij, jij 
and Sij , respectively, which are listed in the Appendix. At the origin of the lattice we can 
rewrite (|2.2|) in terms of 64 generalized characters (see Appendix): 

4 

k=l i=o,g ,h,f 

from which one can easily read off the spectrum. Expansion of the characters of the 
untwisted sector yields: 

XinL ~ tachyon + l^sl^ + 3 |2 02|^ + 8 + C2P + massive , 

and therefore the low lying states consist in one tachyon, one graviton, 30 scalars and 8 
vectors. 

The massless contributions of the g, h and / twisted sector are 

4 |02|' + 2 1^21' +2 IC2P 

from which we can extract 192 scalars and 96 vectors. All together the closed string 
spectrum consists in one tachyon, one graviton, 222 scalars and 104 Abelian vectors. 

3. Open descendants 

In general the choice of signs in the Klein bottle is not unique 0. One can choose 
three inequivalent sets of signs in the direct Klein bottle amplitude, which correspond to 
projections fli =0,02 = 0(— l)^''^ and O3 = 0(— 1)^«, where FsR{Ffi) is the right- 
moving space-time (worldsheet) fermion number. The various cases can be expressed as: 

JC = ^{[eAAoo + esBoo + ecCoo + toDoo] (P1P2P3 + PiW^2W^3 + WiP2W^ + WiW2P^) 
+ 2 ■ l%{^[eAAgo + t'^Bgo + e'cCgo + tDDgo]{Pi ^ W^s + 0c)' 
+ [e'AAho + t'sBho + t'cCho + eDDho\{P^ + W^3)(0s + 0c)' 
+ [e'j^Afo + t'sBfo + e'cCfo + e'j,Dfo]{P2 + W^2)(0s + 0c)') } 

3 



^tl°^ -16-3 



where Pi{Wi) stands for the lattice sum of the KK momenta (winding modes) and (ps 
and (pc are defined in the appendix. Moreover, we introduced signs e^i, e^, ec, e^j = ±1 
in the untwisted sector and e^, e^, e^, = ±1 in the twisted sector. The natural choice 
of signs, which corresponds to the Oi projection, is to associate plus signs to bosons 
eA, ^'ai ^B, ^'b = 1 ^iid minus signs to fermions ec, ^-D, = —1- We will denote 
the corresponding Klein bottle by /Ci. The second choice O2, corresponds to all plus 
signs eA, cb, ec, e£) = 1 and e^,e^,e^,e^ = 1. The most interesting choice O3, has 
e^, ec, e^, = —1 and e^, e^), e^, = 1, which will project out the closed string tachyon. 
The different projections give rise to three different open string spectra. 

The unoriented closed spectrum is obtained from + /C. In the first case the low- 
lying excitations contain the tachyon, a graviton and 18 scalars from the untwisted sector 
and each of the 16 fixed points in the g, h and /-twisted sector contributes with 4 additional 
scalars. The second Klein bottle projection leaves the tachyon, a graviton, 8 vectors and 
18 scalars in the untwisted sector and 64 scalars and 32 vectors for each g, h and / twisted 
sector. Finally, the third Klein bottle projects out the closed string tachyon and the 
unoriented closed string spectrum comprises one graviton, 4 vectors and 18 scalars from 
the untwisted sector as well as 32 scalars and 16 vectors for each g, h and /-twisted sector. 

A modular S transformation turns the direct-channel Klein bottle /C into the trans- 
verse channel amplitude JC. At the origin of the lattice sum, we find that the coefficients 
of the characters are perfect squares, which is required for consistency P,^. In the first 
case, we thus get 

^1°^ = ^\xp,ol(VVlV2V3 + \/-^ + \f^+ 

8 I V Y V2V3 v V1V2 V ^i'^^3^ 

+ Xp,o2 (V'"1'^2V3 + xf-^ - - 

V Y V2V3 Y ■'^i^a V ^1^3^ 

\ Y ^2^^3 V '"1^2 Y ^1^3^ 

+ Xp,o4 (V'"1'"2V3 - - \ f^^ + a/— ^) I' 

V Y ^2^3 V "^1^2 V ^l'^3^ 

where Vi are the volume factors of the three tori. The amplitudes for IC2 and /C3 are readily 
obtained from Ki by replacing the characters X/3,ofc by Xa,ok and —Xi,ok, respectively. 

The open unoriented sector is constructed from the annulus and Mobius amplitudes 
A + M.. For simplicity, we only write the massless contributions to the amplitudes. The 
transverse annulus for all three cases can be summarized as: 
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with the signs tA-,<^B-,<^c and e^) as defined above, according to the three models. Each 
term can be arranged into four characters which are multiphed by independent squared 
refiection coefficients, e.g. for we get: 



A 



(0) 



Xa,oi [Na^ VIV2V3 + Dai 

+ Xa,o2 {NA^/vrV2V^ + D Al 
+ Xa,o3 {Na^/ViV2V2, - Dai 



V2V3 



+ Da3 



V3 
V1V2 



+ Da2 



Vl 

V2V3 



-Das 



V2V3 



+ DAi 



V3 
V1V2 

V3 
V1V2 



Da2 
Da2 



V2 \ 
V1V3J 

V2 y 

V1V3J 



V2 
V1V3 
2 



+ XaMi^AVviV^ - DaIx — Da3\ + Da2\ | 



V1V2 



V1V3- 



and for A^^\ Aq^ and A^^^ the characters have to be replaced by Xp^oki Xi,ok and X5,ok and 
the sum of Chan-Paton charges {Na^Dat} ix = 1,2,3) by {Nb^Dbv}-, {Nc-,Dcr} and 
{Nd, Ddt}, respectively. Notice, that in the present case only characters of the untwisted 
sector are involved in the transverse annulus. This is due to the fact that only those 
characters are allowed to appear in A, which fuse into the identity together with their 
anti-holomorphic partners in the closed string GSO. 

For the first model the transverse Mobius amplitude at the origin of the lattice reads 



(0) 



1 

'4 

+ Bog 
+ Boh 

+ Bof 

,(0) 



Br 



Vl V3 
Nb V1V2V3 + Dbi h Db3 \- Db2 



V2V3 



V2VI 



{Nb + Db3) V3 + {Dbi + ^52) 
{Nb + Db2) V2 + {Dbi + Dbs) 



Vl 

1 

1 1 

V2 



V2 ' 
ViVsi 


{k + k? 


- (f>v 


? 


- 4>v) 




-4>vf} , 



and for ^^2' -^3^^ one has to replace Bij by Aij and Cij and the sum of Chan-Paton 
charges {Nb, Dbt} by {Na, Dat} and {Nc, -Dcr}, respectively. All quantities have to be 
written in terms of real 'hatted' characters and 0o and are defined in the Appendix. 

A modular P = S T'^S transformation turns the transverse channel Mobius 
amplitude into the direct channel amplitude, resulting in 



(0) 



X/3,ol — Xp,o2 — Xp,o3 — X/3,o4 



Nb + Dbi + Db2 + D 



'B3\ 



(3.1) 



and similarly for with {—Xa^oi) and {Na, Dat} and J^]^' with X'y,oi and {Nc, Dcr}- 



(0) 
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The tadpole conditions can be extracted from JC^^"^ , A^^"^ and Ai by setting to zero 
the reflection coeflicients of the massless characters. One flnds that 

Model 1: Nb = Dbi = Db2 = Dbs = 64 , 

(3.2) 

Model 3: Nc = Dci = Dc2 = Dcs = 64 . 

For the second model there is no corresponding expression, since the characters which 
appear in all three transverse amplitudes are either tachyonic or massive. In addition to 
the tadpole conditions ( pr2| ) one has to solve homogeneous tadpole conditions, which arise 
from additional massless characters in the transverse annulus. They will be given later on 
during the discussion of each model. 

The above tadpole condition flx the rank of the gauge group and therefore the gauge 
group of the second model has no deflnite rank. Switching on a non-trivial quantized NS- 
NS antisymmetric tensor of rank r for the internal lattice reduces the rank of the gauge 
group by a factor of 2*^/^, as it was shown in [|1^ for toroidal compactification and in 



||18|| for orbifold compactiflcation. In the present case, three different choices are allowed: 
r = 2, 4, 6, which will modify the tadpole condition resulting in 32, 16, 8 on the right hand 
side of (IpD. 

In order for the direct channel Mobius amplitude to correctly (anti-) symmetrize the 
direct channel annulus, the coefficients A^^, A''^, Nq, No and Dbt, Dcr, have to 
be parameterized in terms of Chan-Paton charges: 



NA = No + Ny-Ns-Nc , Dat = Dor + Dyr - Dsr - D^r 

Nb=No + N,+Ns + N, , DBr = Dor + + D^r + I?cr 

Nc = No-Ny-Ns + Nc , Dcr = Dor - D^r " Dsr + D^r 

Nd=No-K+Ns-N, , Dor = Dor - D^r + D^r - D,r 



(3.3) 



Inspection of the direct channel Mobius amplitude ( p.l|) requires the gauge group to be 
symplectic for the first model and unitary for the second and third model. In the following, 
let us discuss each model separately. 

Model 1: In this case the remaining tadpole conditions result in 



No = N^ , Ns=Nc , Dor = Dyr , Dsr = D^r 
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for r = 1, 2, 3. As in the supersymmetric case, one has to rescale the Chan-Paton charges 
such that Ni = 2 rii and Dir = 2 dir {i = o, v, s, c), in order to have a consistent particle 
interpretation of A^^^ + Ai^^K The direct channel annulus amplitude then reads 



k=l 



i=o,v ,s ,c 



r=l 
3 



k=l r=l 
4 3 



k=l 
4 



r=l 
3 



k=l 



r=l 



iE{o,v ,s ,c} 



k=l 
4 



k=l 



^ij€{o,i)},{s,c} 



~ X ^T'S'^ X ("i^il + ^i2(ij3) - X ^"^'S*^ X ("-i^il + di2dj3) 



k=l 

4 



^)j€{o.s},{u,c} 



fc = l 



i.jG{o5c}5{'i^,s} 



k=l iE{o,v,s,cy 



k=l 



X ^T.'^'^ X (^i'^jS + <^zl<^j2) - X ^'5''^'= X ('^i'^jS + diidj2) 



A;=l 
4 



k=l 



iE{o,v,s,c} fc=l 



A;=l 
4 



^5J€{05U},{S,C} 



X^T'/*^ X inidj2 + diidjs) -^xsjk X inidj2 + dndjs) , 



k=i 



k=l 



(3.4) 

where e.g. the notation diidj2 for i,j E {o,v} stands for doidv2 + dyido2- The above 
annulus amplitude together with leads to a symplectic gauge group: 

USp(16 - n,) ® USp(n,)j ® JJ [uSp(16 - 4) ® USp(4) 

J 9 L 

r=l 

If we choose Ug = dg = the resulting theory turns out to be purely bosonic with gauge 
group USp(16)®^ for D9,D9' branes as well as for Dbr^Db'^ (r = 1,2,3) branes and the 



spectrum comprises a tachyon in bi-fundamental representations and massless scalars in 
the antisymmetric as well as combinations of bi-fundamental representations of the gauge 
group. 

The choice Ug = dg = 8 is particularly interesting, since we get a vector in the adjoint 
of USp(8)®^^ and the following matter content: 

8 

tachyon : ^(82^-1, 82i) 

i=l 

16 

60 : 28, 

i=l 
3 

4(A« + A„) :0(84 i+l © 84^-1-2 , 84^+3 © 84^+4) 
i=l 

in the untwisted sector, and 

3 8-2k 

^'Z' : (82i-l © 82^ , 82i+4fc-l © 82^+4fc) 
fc=l i=l 
3 7-2k 

(A. + A.) : (82 i-l © 82i , 822+4^+1 © 82i+4fc+2) 
fc=l 1=1 
3 

© 0(84i-l © 84z , 84i+l © 84^+2) 
i=l 

in the twisted sector. Here the index of the fundamental or antisymmetric representations 
stands for the z-th factor of the gauge group. 

Model 2: The direct annulus for the second model is obtained from ( |3.4p after the 
replacement: XoL,ik ^ Xi3,ik and x-y,ik ^ X5,ik- Since the direct channel Mobius amplitude 
only contains characters Xa,ok, the gauge fields transform under a unitary gauge group. 
Therefore one has to parametrize the charges as: 

No = 2n ,iV„ = 2n , Ns = 2 m , = 2 fh 

(3.5) 

Since the size of the gauge group is not fixed by the tadpole conditions, one could set all 
charges to zero and would not have to introduce any branes. However, for generic charges, 
one finds that a vector together with six scalars transform in the adjoint of 

3 

U(n)9 ® U(m)9. ® W [U(rf,)5, © U(e,)5^] , 
1=1 
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and the low lying states comprise 

8 

tachyon : ^{Ai ® Ai) 



i=l 
4 



4(A„ + A^) : I (F2,_i, F2O © (F2,_i, F2O © c.c. 
in the untwisted sector, and 

2'/' : [(^- F2k+^) © {F,, F2k+i) © c.c. 



i=l 



3 8-2fc 



k=l i=l 
3 7-2/c 



(A. + A«) : [(F. 



fc=l i=l 
3 



0[(F2„ F2,+i) © (F2z, -F2«+l) © C.c] 



i=l 

in the twisted sector. Here, Ai[Fi) denotes the antisymmetric (fundamental) representation 
of the i-th factor of the gauge group. 

Model 3: This model is the most interesting one, because it is non-tachyonic. Similarly 
to the previous case, the form of the Mobius amplitude requires a unitary gauge group. 
The direct channel annulus amplitude can again be obtained from ( |3.4D by exchanging 
Xa,ik ^ —Xs,ik and X/3,ik ^ —Xi,ik and parameterizing the charges in ( |3.3[ ) similarly to 
model 2: 

No = 2n , Ny = 2m , Nc = 2 n , Ns = 2 rfi 



As usual in type OB theory, one has to relax the dilaton tadpole condition, which can 



be arranged by the Fischler-Susskind mechanism [jT^. We can finally eliminate the open 
string tachyon by setting m = fh = er = er = Q- The direct channel annulus amplitude 
then reads 

4 3^4 3 



k=l 



k=l 

4 4 

J2 ^s,gk ndi + ndi +d2d3 + ^24] + Yl 

Xa,gk 

k=l 
4 



•^3 = XI ^/3,oA; nn + Y drdr - ^ X] X-^,ok + + ^{dl + d^r) 

r=l 

ndi + ^di + (i2C?3 + (i2C?3 

X X5,/ifc nd^, + nJa + ^1^2 + did2 + X 



A:=l 
4 



,hk 



fc=l A;=l 
4 4 

X5,/fc ?^C?2 + ^C^2 + didz + JiJsj + X Xajfc 
fc=l A;=l 



nds + nd^ + did2 + did2 
nd2 + nd2 + dids + dids 



9 



and together with the direct channel Mobius amphtude 




Xy,oi - Xf,o2 - Xf,o3 - X-fM) ri + n + ^{dr + dr) 



we get a vector and six scalars in the adjoint of the gauge group: 



U(16)9 ® U(16)5, ® U(16)5, ® U(16)5^ 



'3 ' 



and additional massless matter: 



(Aa + Ad) : (120 ©120,1,1, 1)0(1,120 120, 1,1) 0(1,1,120 120,1) 



0(1,1,1,120 120) 



3(Aa + A«) : (136 ©136, 1,1, 1)0(1, 136 ©136, 1,1) (1, 1,136 ©136,1) 



© (1,1,1,136© 136) 



in the untwisted sector, and 

(Aa + Xa) ■■ (16, 16, 1, 1) © (1, 1, 16, 16) © (16, 1, 16, 1) © (1, 16, 1, 16) © (16, 1, 1, 16) 
©(1,16,16, l)©c.c. 
2(f) : (16,16,1,1) ©(1,1,16,16) ©(16,1,16,1) ©(1,16,1,16) ©(16,1,1,16) 
© (1,16,T6, l)©c.c. 

in the twisted sector. 

In four dimensions one has to worry about gauge anomalies. However, the common 
feature of all three models is that their spectrum is non-chiral and therefore automatically 
free of gauge anomalies. 

Since type OB is non-supersymmetric from the very beginning, it would be interesting 
to generalize this construction to Zn x Zm orbifolds that do not preserve any supersym- 
metry. 
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Appendix A. 

A.l. Combinations of SO {2) characters 

In the untwisted sector the expressions ccy, Pij, jij and Sij with i,j = o,g, h, f are: 





= 02020202 + , 




= O2O2V2V2 + V2V2O2O2 


O^oh 


= 02V2V202 + V20202V2 , 


aof 

^ J 


= O2V2O2V2 + V2O2V2O2 


Poo 


= 02V2l^2V^2 + V^2020202 , 


Pog 


= O2V2O2O2 + F2O2F2V2 


Poh 


= 020202^2 + ^2V^2V^202 , 


Pof 


= 0202V^202 + F2 ^202^2 


loo 


= S2S2S2S2 + C2C2C2C2 , 


log 


= S2S2C2C2 + C2C2S2S2 


loh 


= S2C2C2S2 + C2S2S2C2 , 


lof 


— S2C2S2C2 + C2S2C2S2 


Soo 


= S2C2C2C2 + C2S2S2S2 , 


Sog 


= S2C2S2S2 + C2S2C2C2 




= S2S2S2C2 + C2C2C2S2 , 


Sof 


= S2S2C2S2 + C2C2S2C2 



Here the first factor refers to the two transverse space-time directions and the remaining 
three to internal coordinates. For the ^f-twisted sector, we get 



and for 





= O2O2C2C2 + V2V25'2<S'2 , 


^gg 


= O2V2S2C2 + V202C2>S'2 


Oigh 


= 02V2<S'2C2 + V202C2<S'2 , 


o^gf 


= 02V2C2'S'2 + V202<S'2C2 


Pgo 


= 02V2<S'2iS'2 + V2O2C2C2 , 


Pgg 


= O2O2C2S2 + V2V2<S'2C2 


Pgh 


— O2O2C2S2 + V2V2S2C2 , 


Pgf 


= O2O2S2C2 + V2V2C2S2 


Igo 


= S2S2O2O2 + C2C2V2V2 , 


Igg 


= S2S2V2V2 + C2C2O2O2 


Igh 


= S2C2V2O2 + C2S2O2V2 , 


Igf 


= S2C2O2V2 + C2S'202V2 


Sgo 


= S2C2V2V2 + C2S2O2O2 , 




= S2C2O2O2 + C2S2V2V2 


Sgh 


= S2S2O2V2 + C2C2V2O2 ) 


^9f 


= S2S2V2O2 + C2C202^ 


3 /i-twisted sector: 








— O2S2S2O2 + V2C2C2V2 , 


C^hg 


= 02<S'2C2V2 + V2C25'202 


ahh 


= O2C2C2O2 + V2iS'2S'2V2 , 


ahf 


= 02C25'2V2 + V2iS'2C202 


Pho 


= 02^*2^*2^ + V2iS'2iS'202 , 


Phg 


= O2C2S2O2 + V2S2C2V2 


Phh 


= 025'2<S'2V2 + V2C2C2O2 , 


Phf 


= O2S2C2O2 + V2C2iS'2V2 
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Iho 


= C2O2O2C2 + S2V2V2S2 , 


Ihg 


= C2O2V2S2 + 5'2V202C2 


Ihh 


= S2O2O2S2 + C2V2V2C2 , 


Ihf 


= 19202 V2C2 + C'2V202<S'2 


Sho 


= S2O2O2C2 + C2V2V2S2 , 


^hg 


= >S'202F25'2 + 02^^202^2 




= C2O2O2S2 + S2V2V2C2 , 


Shf 


= O2O2V2O2 + S2V2O2S2 


the /-twisted sector, we get 






afo 


T 7" 1 T /" 

— IJ2^2^2'^2 + V2'J2t^2'-^2 j 




= O2C2O2C2 + V2iS'2V2S'2 


afh 


= O2S2O2S2 + V2C2V2C2 5 




— u'2'J2l'2^2 + l'2*-^2t>'2'-'2 


Pfo 


= O2S2O2C2 + V2C2V2S2 , 




= 02<S'2V2<S'2 + V2C2O2C2 


Pfh 


= 02^*2^^*2 + V2>S'202-S'2 , 


Pff 


= O2C2O2S2 + V2S2V2C2 


Ifo 


= <S'202C2^ + C2l^'S'202 ) 


Ifg 


= S2O2S2O2 + C'2V202V2 


Ifh 


= /S'2V2<S'2V2 + C2O2C2O2 , 


Iff 


= S2V2C2O2 + C'202<S'2V2 


Sfo 


= S2V2S2O2 + 6*202(^2^2 , 


^fg 


= S2V2C2V2 + C2O2S2O2 


Sfh 


= S2O2C2O2 + C2V2S2V2 , 


^ff 


— S2O2S2V2 + C2V2C'202 



v4.^. Characters 

The structure of the 64 characters Xa,ik,Xp,ik,X7,ik and x<5,ife is: 

PioAi + pigBi + p^/^C^ + Pi/ A , Xp,i2 = PioBi + pigA^ + p^/^ A + pifCi , 

Xp,i3 = PioCi + Pig A + Pift^i + PifBi , Xp,j4 = PioA + PigCi + Pi/i A + Pif^i ) 

where p^j = aij, I3ij,'-yij,5ij with = o,g,h,f for the untwisted, the ^-twisted, the 
/i- twisted and the /-twisted sector, respectively. We defined the internal part for the 
untwisted sector 



Ao = (t>o(t>o(t>o + (t>v(t>v<t^'. 



•v 



Bo = (l)o(l>v<Pv + (l>v(t>o(l>, 



■o ) 



Co = (pofpofpv + 4>v4>v4>: 



•o 



Do = 4>o4>v4>0 + (l)v4>o4': 



■v , 



for the gf-twisted sector 



Ag = 4)o4>s(t>S + (t>v(f>c(t>C 



Eg = (t)o(j)c4>C + 4>v(t>s(t^i 

Dg = (j)o4>c4>s + 0i;0s0, 



•s 1 



•c 1 
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for the /i-twisted sector 



Ah = 4>s(i>s(po + <Pc<Pc<Pv , Bh = 4>s4'c(l>v + (pc<Ps4'o , 

Ch = 4>s(l>s4>v + 4>c4>c4>o , Dh = (t>s(l>c<l>o + 4>c<f>s4>v , 



and for the /-twisted sector 



Af = (t)8(t)o(t>s + (t>c(t>v(t>c , Bf = (I)a(f)v4'c + (f>c(t>o(f>a , 



and 

0o + 01; = ^ , (t>o- (l>v = , (f>s + (f>c= TTT" ' (f>s - (f>c 

ry^ 2?7 
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